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310a Monday, February 17, 2014some unexpected shape transitions undergone by lipid vesicles generated from
membrane-protein interactions. Based on our quantitative model and findings,
we highlight the physical principles that unify CME in apparently distinct yeast
and mammalian cells.
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Clathrin-based carriers are responsible for a large fraction of the membrane
traffic between the plasma membrane, endosomes and the trans-Golgi network
(TGN). Clathrin/AP1- and clathrin/AP3-coated membrane carriers originate
from endosomes and TGN. Efforts to follow these intracellular carriers had
not been successful because the rapid three-dimensional movement of endo-
somes has not permitted one to distinguish initiation of assembly or dissocia-
tion of their coat from passage into or out of the imaging plane. Here, we
report the real-time visualization of these structures in living cells reliably
tracked by rapid, three-dimensional imaging with the use of a spinning-disk
confocal microscope. The dynamic characteristics of the intracellular cla-
thrin/AP1 and clathrin/AP3 carriers are similar to those of endocytic clathrin
coated pits and vesicles. We found no evidence supporting association of dyna-
min2 with clathrin/AP1 or clathrin/AP3 carriers at any stage during their life-
time. This observation suggests that an alternative budding mechanism, yet to
be discovered, is responsible for the scission step of clathrin/AP1 and clathrin/
AP3 carriers.
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Most G protein- coupled receptors (GPCRs) do not generate membrane cur-
rents in response to ligand-receptor binding (LRB). Here, we describe a novel
technique using endocytosis as a bioassay that can detect activation of a GPCR
in a way analogous to patch-clamp recording of an ion channel in a living cell.
The confocal imaging technique, termed FM endocytosis imaging (FEI), can
record ligand-GPCR binding with high temporal (second) and spatial (micro-
meter) resolution. LRB leads to internalization of an endocytic vesicle, which
can be labeled by a styryl FM dye and visualized as a fluorescent spot. Distinct
from the green fluorescence protein-labeling method, FEI can detect LRB
endocytosis mediated by essentially any receptors (GPCRs or receptors of tyro-
sine kinase) in a native cell/cell line. Three modified versions of FEI permit
promising applications in functional GPCR studies and drug screening in living
cells: 1) LRB can be recorded in ‘‘real time’’ (time scale of seconds); 2) inter-
nalized vesicles mediated by different GPCRs can be discriminated by different
colors; and 3) a high throughput method can screen ligands of a specific GPCR.
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Internalization of cell surface receptors is often stimulated after ligand binding.
It plays important roles in biological processes such as signal desensitization,
substance uptake, and signal transduction. Antagonist-stimulated internaliza-
tion may be also important for cell polarization [1]. We have developed a gen-
eral model to study the role of receptor internalization in the establishment of
cell polarity. Our results show that regulated antagonist-stimulated internaliza-
tion can provide an important mechanism to initiate cell polarization. It also
provides additional regulation of signal amplification and noise filtering, which
are important for the sensitivity and the accuracy of signal sensing. We discuss
applications of our model to the study of yeast polarity and compare computa-
tional results with experimental observations.
[1] Polarization of the Yeast Pheromone Receptor Requires Its Internalization
but Not Actin-dependent, D.V. Suchkov et al, Mol Biol Cell. 2010 May 15;
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Exo- and endocytosis are crucial in numerous physiological processes in eu-
karyotic cells, such as polar growth, cell division, motility or signaling.
Endo- as well as exocytotic events result in small changes of the cell surface
area, which can be resolved in electrophysiological recordings in the form of
discrete steps in membrane capacitance. By applying high resolution record-
ings with yeast protoplasts, we were able to resolve discrete changes in mem-
brane capacitance mainly in the range 0.2-1.2fF, corresponding to fusion and
fission of single vesicles of 80-250nm. Analysis of exo- and endocytosis in
the yeast sec6-4 mutant, which is characterized by a temperature dependent
block of exocytosis, revealed low fission/fusion activity at room temperature.
Incubation at the restrictive temperature of 37C for 3h and shifting to the
permissive temperature of 25C resulted in a transient increase in endo-/exocy-
totic activity of up to 10-fold. This study demonstrates that patch clamp capac-
itance measurements in yeast provide a novel in vivo tool to examine the
molecular mechanisms of endo-/exocytosis in this model organism. The record-
ings gain information in real time on the geometry of endo-/exocytotic vesicles,
on the kinetics of the events and their dependence on signaling cascades and
key proteins.
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We employ coarse-grained molecular dynamics (CGMD) simulations and con-
tinuum mechanics methods to quantify the membrane-bending action of
exo70. CGMD simulations show that exo70 produces the strongest curvature
when bound to a key lipid PIP2, and when dimerized. To relate these simula-
tions to experiments, we first quantify the deformation field generated by
exo70 using CGMD simulation, and then investigate the resulting cellular mor-
phologies using a continuum mechanics model for membrane bending. In the
first step, we characterize the deformation field by directly analyzing curved
membrane conformations generated by CGMD simulations of mutant and
wild-type exo70 on mixed lipid bilayers. Monte Carlo simulations yield mem-
brane morphologies which we relate to cryo-transmission electron microscopy
images of exo70 remodeling a GUV. This model agrees with experiments
which show that PIP2 binding and dimerization are necessary for generating
membrane tubulues and protrusions. We show that this multi-scale model al-
lows us to relate the structural as well as thermodynamic details of exo70
membrane-binding and self-association to the induced deformation field and
resulting cellular morphologies. We also extend our studies to ENTH, BAR,
and ESCRT family proteins. We show that thermal undulations in the mem-
brane and cooperativity in the curvature fields, collectively drive the mem-
brane into different morphological states (buds, tubules, etc.) that resemble
those in cellular experiments in vivo and vesicle experiments in vitro. We
determine the relative stability of the above mentioned shapes based on the
free energy of these membrane configurations, determined using the methods
of Thermodynamic Integration (TI) and Bennett Acceptance (BA), and Widom
Insertion techniques. Results are shown for the case of Exo70 protein and
ENTH, and N-BAR domains and also compared against measurements deter-
mined from experiments.
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The nematode C. elegans is a powerful genetic system for studying the molec-
ular basis of synaptic transmission. However, current approaches to analyze
exocytosis and endocytosis in C. elegans are limited. We rely on assays that
are either indirect (e.g., postsynaptic recordings from neuromuscular junctions)
or with low time resolution (e.g., FM dye uptake and synaptic protein abun-
dance). Here, we aim to develop the real-time analysis of neuronal exo- and
endocytosis in C. elegans. We directly monitor membrane insertion and
retrieval by following changes in the membrane capacitance (Cm). We
Monday, February 17, 2014 311aprecisely control intracellular Ca2þ concentrations by targeted photolytic cal-
cium uncaging. We continuously follow Ca2þ changes using a radiometric
florescent dye fura-2FF. The combination of these techniques provides unprec-
edented time-resolution to C. elegans neurobiology, and enables us to uncover
molecular regulations on rapid exocytosis and endocytosis in individual
neuron.
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The Sec1/Munc18 (SM) protein family plays an essential role in vesicle fusion
processes of eukaryotic cells. The SM proteins are suggested to function in the
regulation of SNARE-mediated vesicle fusion, primarily by binding to the
SNARE protein syntaxin (Syx). Munc18a, the SM protein involved in synaptic
exocytosis, binds to the closed conformation as well as the N-peptide of Syx1a,
while some other SM proteins are supposed to bind only the N-peptide.
Munc18c, a close homolog of Munc18a, is a ubiquitously expressed vertebrate
protein that has a preference for Syx4. It is mainly studied in regulated exocy-
tosis of GLUT4 vesicles in response to insulin. The crystal structure of
Munc18c is solved in association with the N-peptide of Syx4, but its interaction
with rest of the Syx4 protein is not clear. Also, the influence of Munc18c on
SNARE complex formation is debated. We now investigate the Munc18c-
Syx4 binding mode and its influence on SNARE assembly kinetics using
biochemical and biophysical methods. Our analyses indicate that Munc18c
also interacts with the ‘‘closed conformation’’ of Syx4. Moreover, the presence
of Munc18c slows down the SNARE assembly reaction. Vertebrates have three
Munc18 isoforms involved in exocytosis in different tissues that interact with
four secretory syntaxin isoforms, but their interaction patterns are not mapped
clearly. Since SM proteins are suggested to give specificity to the SNARE inter-
action, the preference of the secretory SM proteins for the syntaxin isoforms
was also studied.
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The SNARE protein SNAP-25 plays a critical role in neuronal exocytosis. The
linker region of SNAP-25 contains 4 cysteines (cysteine-rich domain) which
are the sites of various post-translational modifications, such as palmitoylation
and oxidation. Palmitoylation anchors SNAP-25 to the membrane (and deter-
mines its distribution within the cell), while the level of oxidation may regulate
neurotransmitter release.
Quantifying the extent of oxidation and palmitoylation in vivo has proven
elusive. Our in vitro data from SNAP-25 suggests that non-enzymatic palmi-
toylation is cooperative with a Hill Coefficient greater than 2, whereas oxida-
tion appears to have a Hill coefficient of 1/2 (consistent with two cysteines
being consumed for each oxidation event). Using Circular Dichroism to mea-
sure the melting of helical structures of SNAP-25, we show that oxidation de-
stabilizes SNAP-25. Oxidation also destabilizes SNARE complex formation.
During in vitro palmitoylation, we use Mass Spec analysis to confirm that mul-
tiple cysteines are palmitoylated under our conditions. In vitro palmitoylation
and oxidation have an EC50 of about 50 mM. Through additional experimenta-
tion we hope to elucidate the EC50, Hill Coefficient, and extent of reaction for
enzyme-catalyzed palmitoylation of the cysteine-rich domain of SNAP-25’s
linker region and also determine how oxidation and palmitoylation alter
SNARE complex formation.
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Nerve-evoked vesicle fusion has been kinetically separated in two compo-
nents, synchronous and asynchronous. The Ca2þ-sensor Synaptotagmin binds
the SNARE-complex and drive fusion. Complexin co-evolve with Synaptotag-
min, bind the complex and speed the exocytosis. Synaptotagmin controls the
Ca2þ-dependency of quantal release and synchronicity where Complexin
cooperate in this function. Neuronal disruption of Synaptotagmin leaves anasynchronous release with a slight Ca2þ-cooperativity suggesting the presence
of an asynchronous Ca2þ-sensor. The asynchronous sensor is thought to
mediate the asynchronous releases observed during burst of activity, low
Ca2þ or replacing Ca2þ by Sr2þ. Here we investigated the asynchronous
release at the Drosophila glutamatergic synapses. We monitor the differential
effects of Ca2þ, Sr2þ and Cd2þ in the evoked release modifying the expression
of Synaptotagmin and Complexin at the nerve terminals. In addition, we
explored the C2A and C2B Ca2þ binding domains mutants of Synaptotagmin.
Our data shows that the asynchronous/synchronous release depends inversely
with the level of Synaptotagmin and Complexin. Moreover, C2B but not C2A
domain of Synaptotagmin reduces the asynchronous/synchronous release. Our
work suggests that Complexin may be increasing the accessibility of Synapto-
tagmin for the SNARE complex by the C2B domain reducing the asynchro-
nous/synchronous release. The Cd2þ-sensibility was consistent with the
Ca2þ-dependency in the release probability discarding major alteration in cal-
cium influx.
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Adrenal chromaffin cells release hormones and neuropeptides that are essen-
tial to the physiological homeostasis of higher organisms. During this pro-
cess, secretory granules fuse with the plasma membrane to deliver their
cargo to the extracellular space. It was classically thought that fusion was
the final regulated step in exocytosis, resulting in total release of granule
cargo in a uniform manner. More recent evidence argues for non-uniform
outcomes after fusion, where cargo is released with variable kinetics and
selectivity. The goal of this study was to identify potential factors that
contribute to these different outcomes, with a focus on the role of the
calcium-sensing synaptotagmin (Syt) proteins. Two Syt isoforms are ex-
pressed in chromaffin cells: Syt-1 and Syt-7. We find that overexpressed
and endogenous Syt isoforms rarely co-localize on secretory granules and
are differentially responsive to weak and strong depolarizing stimuli. In addi-
tion, overexpressed Syt-1 and Syt-7 impose isoform-specific effects on fusion
pore expansion and granule cargo release. Syt-7 fusion pores usually remain
narrow (or reseal), slowing the dispersal of lumenal cargo proteins and
granule membrane proteins. On the other hand, Syt-1 diffuses rapidly
away from fusion sites and promotes the release of lumenal cargo proteins.
These findings suggest one way in which regulation over chromaffin cell
cargo release may be achieved is via selective activation of synaptotagmin
isoforms.
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The synaptotagmin (Syt) family of proteins contains tandem C2 domains, C2A
and C2B, which bind membranes in the presence of Ca2þ. The precise mech-
anism by which Syt participates in membrane fusion events is not completely
understood, and the role of interactions between C2A and C2B in membrane
binding and fusion is unclear. To test whether the two domains interact with
each other on a planar lipid bilayer, diffusion constants of fluorescent-tagged
C2A, C2B, and tandem C2AB domains from Syt7 were determined using total
internal reflection fluorescence microscopy with single-particle tracking. As
expected, the tandem domain diffuses significantly more slowly than the single
domains. However, the diffusion constant of the C2AB tandem is significantly
faster than predicted by simple summation of the individual domains’ fric-
tional coefficients. This result suggests that either (a) the short interdomain
linker holds the two domains in close proximity to each other in the plane
of the bilayer, at a separation distance shorter than the free draining limit,
and/or (b) the two domains directly interact with each other when
membrane-bound. In order to distinguish between these two possibilities,
several mutant versions of the tandem domain with extended C2A-C2B linker
regions were purified. Preliminary results indicate these mutants continue to
diffuse similarly to the native C2AB tandem and faster than predicted based
on frictional additivity, even at linker distances expected to exceed the free
draining limit. These results suggest that C2A and C2B interact with each other
when bound to a membrane in a manner that is independent of C2AC2B
linker length. Current experiments in this ongoing project probe the nature
